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Abstract: Objective: To identify predictors of blood pressure (BP) in children and explore the predictors` effects on the 
conditional quantile functions of systolic blood pressure and diastolic blood pressure. 

Methods: A secondary data analysis was performed using data from the South African National Income Dynamics Study 
(2014-2015). From this particular secondary data, data for children aged between 10-17 years were extracted for 
analysis. The variables used in the study were systolic blood pressure (SBP), diastolic blood pressure (DBP), body mass 
index (BMI), age, smoking, alcohol consumption, exercises, gender and race. Two parameter estimation methods were 
used, ordinary least squares (OLS) and quantile regression (QR). 

Results: BMI had positive statistically significant estimated OLS and conditional quantile functions with both the BP 
measures except the 95th quantile for SBP. Age had also positive statistically significant estimated OLS and QR 
coefficients except for the 95th percentile, with both DBP and SBP respectively. Gender was found to be inversely related 
to both DBP and SBP except the 10th quantile for DBP. Race was partially significant to DBP. Smoking, alcohol 
consumption and exercises did not present any statistically significant relations with both DBP and SBP for all the 
estimated OLS and QR coefficients. 

Conclusion: BMI, age, gender and partially race were found to be predictors of BP in South African children using both 
OLS and QR techniques. Exercises, smoking and alcohol consumption did not present any statistically significant 
relations with both DBP and SBP probably because few participants exercise regularly, smoke and drink alcohol to bring 
out a significant change in both BP measurements.  

Keywords: Body Mass Index (BMI), Diastolic Blood Pressure (DBP), Systolic Blood Pressure (SBP), Ordinary 
Least Squares Regression (OLS), Quantile Regression (QR). 

BACKGROUND 

Globally, cardiovascular diseases are major causes 
of death among general population [1]. Similarly, it has 
been found in another study that high blood pressure is 
a major health problem which is associated with 
increased risk of cardiovascular diseases [2]. Besides 
being a leading burden of disease worldwide in adults, 
blood pressure is becoming a matter of concern in 
children as well [3]. Childhood hypertension has been 
widely investigated in the last decade [4]. According to 
Aounallah-Skhiri et al. [2] the prevalence of high blood 
pressure in children is a predictor of hypertension later 
in life. Numerous studies have shown that the 
underlying condition of hypertension in adults may 
have its origin in childhood or adolescence. This was 
also noted by Ayatollahi et al. [5] who reported that the 
prevalence of high blood pressure in children is ranging 
from 5.4% to 19.4%.  

Several studies have established the risk factors of 
blood pressure in children as, age, gender, ethnicity,  
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obesity, genetic, environmental, inactive lifestyle, low 
quality food, smoking habits, behavioural factors and 
socio-economic status [2, 4-8]. In South Africa 
hypertension is regarded as one of the greatest health 
challenges apart from HIV/AIDS [9]. It is also the most 
prevalent cardiovascular risk factor and the leading 
contributor to cardiovascular morbidity and mortality [9].  

There is no doubt about the burden of blood 
pressure worldwide. To date, very few studies have 
identified predictors of childhood blood pressure 
disease in South Africa. Hence, it was ideal to conduct 
a secondary data analysis on blood pressure data 
collected from South African National Income 
Dynamics Survey which was carried out in 2014-2015. 
The main aim of this study was to identify predictors of 
blood pressure in South African children and explore 
these predictors` effects on the conditional quantile 
functions of both SBP and DBP. 

Data 

This study used secondary data obtained from 
South African National Income Dynamics Survey 
(NIDS) which was carried out in 2014-2015. The South 
African National Income Dynamics Survey was 
embarked by the South African Presidency in order to 
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track changes in the well-being of South Africans [12]. 
The NIDS 2014-2015 covered the entire country of 
South Africa of which the lowest level of geographic 
aggregation covered was district municipality [12].  

Ethical approval for the South African National 
Income Dynamics Survey was granted by the 
University of Cape Town`s Faculty of Commerce Ethics 
Committee. From this particular secondary data, data 
for children aged between 10 – 17 years were 
extracted for analysis. 

Prior to performing data analysis, data cleaning was 
conducted. The data cleaning process involved 
dropping 597 observations or cases with missing data 
for any of the variables used in the study and a 
representative sample of 2 428 was obtained. Cases 
with missing data pose a challenge because typical 
modelling procedures simply discard these cases from 
the analysis [14]. Expectation maximisation technique 
could not be used to replace missing data since the 
missing data were not less than 5% [14].  

The variables used in this study are SBP, DBP, age, 
BMI, smoking, alcohol consumption, exercises, gender 
and race. The dependent variables were DBP and SBP 
whilst the independent variables were age, BMI, 
smoking, alcohol consumption, exercises, gender and 
race. BMI was calculated as weight (kg)/height (m)2  
and age was calculated as date of interview - date of 
birth. The categorical variables were coded as follows: 
smoking (1 = Yes and 2 = No), alcohol consumption (1 
= I have never drank alcohol, 2 = I no longer drink 
alcohol, 3 = I drink very rarely, 4 = Less than once a 
week, 5 = On 1 or 2 days a week, 6 = On 3 or 4 days a 
week and 7 = On 5 or 6 days a week), Exercises (1 = 
Never/Less than once a week, 2 = Once a week, 3 = 
Twice a week and 4 = Three or more times a week), 
Gender (1 = Male and 2 = Female) and Race (1 = 
African, 2 = Coloured, 3 = Asian/Indian and 4 = White). 

Estimation Methods 

In this paper, two parameter estimation methods 
were used. Thus, the ordinary least squares and 
quantile regression techniques. Quantile regression is 
a statistical technique which commonly use the median 
regression and estimate conditional quantiles whilst 
ordinary least squares (OLS) method focus on the 
conditional mean [10]. Beyerlein et al. [11] stated that 
the approach and interpretation of quantile regression 
are similar to those of linear regression.  

However, quantile regression leads to more 
comprehensive results because of its ability to assess 
any part of the outcome distribution, whereas linear 

regression model can model only the mean of the 
outcome. Also, quantile regression is more preferable 
to OLS when using data with extreme values. 

According to Leibbrandt et al. [12] the quantile 
regression model for the ! th quantile with 0 ≤ !  ≤ 1 
can be written as: 

 Q! ( y | x ) =  x !
"

 

where vector  x  contains the set of explanatory 
variables. !

"
 is the vector of the regression 

parameters (i.e. intercept and regression coefficients). 

 Q! ( y | x ) denotes the ! th quantile of the dependent 
variable y  conditional on the set of explanatory 
variables contained in the vector  x . 

Data Analysis 

For analysis, IBM SPSS Version 24 was used to 
conduct frequencies on demographic and life style 
characteristics of participants and summary statistics 
on continuous variables such as SBP, DBP, BMI and 
age. The 10th, 25th, 50th, 75th, and 95th quantile 
regression coefficient estimates for the SBP and DBP 
respectively were also produced with the aid of R 
statistical package namely quantreg written by Koenker 
[13]. The specified quantiles selected for the quantile 
regression analysis were derived from Koenker [13]. 

RESULTS 

Table 1 reveals that 1 175 (48.4%) of the 
participants were males and 1 253 (51.6%) were 
females. Majority of the participants were African and 
they were 2 198 (90.5%) and the least number of 
participants were Asian/Indian and they were 15 
(0.6%). 

The age ranges from 10 years to 17 years, with 14 
years having the most participants 547 (22.5%) and 10 
years the least 1 (0.04%). It is evident that the majority 
of the participants1 697 (69.9%) do not exercise whilst 
349 (14.4%) do exercise three or more times a week. 
Majority of the participants did not smoke and they 
were 2 327 (95.8%) whilst 101 (4.2%) smoked. 

Study findings indicates that 2 214 (91.2%) of the 
participants never drank alcohol. Only 1 (0.04%) 
person indicated that he/she drank alcohol 5 or 6 days 
a week.  

Table 2 indicates that the mean BMI for boys and 
girls were 21.68 kg/m2

 and 23.96 kg/m2 respectively. 
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Table 1: Demographic and Lifestyle Characteristics 

CHARACTERISTIC  n % 

Male 1175 48.4 Gender 

Female 1253 51.6 

10 years 1 0.04 

12 years 7 0.3 

13 years 379 15.6 

14 years 547 22.5 

15 years 500 20.6 

16 years 489 20.1 

Age 

17 years 505 20.8 

African 2198 90.5 

Coloured 195 8.0 

Asian/Indian 15 0.6 

Race 

White 20 0.8 

Never/ Less than once a week 1697 69.9 

Once a week 191 7.9 

Twice a week 191 7.9 

Exercises 

Three or more times a week 349 14.4 

Yes 101 4.2 Smoking 

No 2327 95.8 

I have never drank alcohol 2214 91.2 

I no longer drink alcohol 49 2.0 

I drink very rarely 117 4.8 

Less than once a week 24 1.0 

On 1 or 2 days a week 19 0.8 

On 3 or 4 days a week 4 0.2 

Alcohol Consumption 

On 5 or 6 days a week 1 0.04 

 

Table 2: Summary Statistics of Continuous Variables 

SBP (mmHg) DBP (mmHg) Age (Years) BMI (kg/m2)  

Boys Girls Boys Girls Boys Girls Boys Girls 

Mean 115.92 110.65 73.26 72.85 15.08 15.06 21.68 23.96 

Standard Error 0.44 0.38 0.36 0.33 0.04 0.04 0.13 0.14 

Median 115.00 110.00 72.00 72.00 15.00 15.00 20.76 23.14 

Standard Deviation 15.00 13.48 12.27 11.72 1.37 1.40 4.47 5.02 

Minimum 56 73 30 37 12 10 11.10 11.87 

Maximum 193 200 139 132 17 17 53.51 46.61 

Range 137 127 109 95 5 7 42.41 34.74 

Interquartile Range 19 18 14 15 2 2 4.21 5.61 

Skewness 0.59 0.75 0.46 0.55 0.01 -0.10 2.15 1.17 
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Boys had mean SBP and mean DBP of 115.92 mmHg 
and 73.26 mmHg respectively whilst girls had mean 
SBP and mean DBP of 110.65 mmHg and 72.85 
mmHg respectively. 

Tables 3 and 4 illustrates the results of QR analysis 
and OLS regression analysis for DBP and SBP as 
response variables respectively against age, BMI, 
smoking, alcohol consumption, exercises, gender and 
race as explanatory variables. 

In OLS regression analysis, respondents` age 
(p<0.01), BMI (p<0.01), gender (p<0.01) and race 
(p<0.05) are statistically significant risk factors for DBP. 
Smoking, alcohol consumption and exercises are not 
statistically significant with DBP across all quantiles. 
BMI is the only statistically significant variable across 
all quantiles at 1% level of significance. Age and 
gender do present statistically significant relations with 
DBP across all other quantiles except 95% and 10% 
quantiles respectively. Finally, race is significant only at 
95% quantile (p<0.01). 

Figure 1 below presents a concise visual summary 
of the estimated quantile regression results. Each plot 
illustrates one of the explanatory variables in the 
quantile regression model. The dash-dot-dot curve with 
filled dots represents the 19 point estimates of the 
coefficient for ! `s ranging from 0.05 to 0.95 [13]. In 
this regard ! is representing different quantiles. The 
shaded grey area shows a 95 percent pointwise 
confidence band. Superimposed on the plot is a solid 
red line representing the ordinary least squares of the 
mean, with two dashed red lines representing a 95 
percent confidence interval for a particular coefficient. 
Each plot is showing different quantiles on the  x axis 
and the covariate effect on the  y axis. Results 
illustrated in each plot are similar to those shown in 
Table 3. 

It is evident from Table 4 that gender (p<0.01) is the 
only variable that is statistically significant with SBP in 
all quantiles (10%, 25%, 50%, 75% and 95%) whilst 
smoking, alcohol consumption, exercises and race are 
not statistically significant with SBP. Age and BMI 

Table 3: OLS and QR Coefficients for Diastolic Blood Pressure`s Risk Factors 

Quantile regression results 
Variable 

Q10 Q25 Q50 Q75 Q95 
OLS 

Age 0.91*** 0.85*** 0.68*** 0.57** 0.34 0.61*** 

BMI 0.34*** 0.37*** 0.45*** 0.49*** 0.49*** 0.38*** 

Smoking -1.12 -1.00 1.84 -2.82 0.61 -0.72 

Alcohol Consumption -0.98 0.03 0.60 -0.42 0.48 0.03 

Exercises -0.14 -0.22 -0.32 -0.39 -0.42 -0.23 

Gender -0.65 -1.43** -1.98*** -2.76*** -3.02** -1.49*** 

Race 1.17 0.71 1.27 0.96 4.52*** 1.39** 
Note: OLS=Ordinary Least Squares; BMI= Body Mass Index. 
p** < 0.05 p*** < 0.01. 

 
Table 4: OLS and QR Coefficients for Systolic Blood Pressure`s Risk Factors 

Quantile regression results 
Variable 

Q10 Q25 Q50 Q75 Q95 
OLS 

Age 0.79*** 1.29*** 1.09*** 1.31*** 0.92 1.11*** 

BMI 0.25*** 0.21** 0.32*** 0.28*** 0.18 0.24*** 

Smoking -0.59 -0.05 -1.14 -0.73 -1.21 -1.34 

Alcohol 
Consumption -0.65 0.32 -0.44 0.36 1.15 0.18 

Exercises -0.07 -0.14 -0.00 -0.08 -0.59 -0.19 

Gender -4.08*** -4.83*** -5.85*** -6.53*** -8.31*** -5.92*** 

Race 0.93 0.95 0.67 1.46 2.71 1.38 

Note: OLS=ordinary least squares; BMI=body mass index. 
p** < 0.05 p*** < 0.01. 



88     International Journal of Statistics in Medical Research, 2017, Vol. 6, No. 2 Matizirofa and Kuhudzai 

presented positive statistically significant relations with 
SBP across all other quantiles except the 95% quantile. 

In OLS regression analysis, participants` age 
(p<0.01), BMI (p<0.01) and gender (p<0.01) presented 
statistically significant relations with SBP. Just like 
Figure 1, Figure 2 presents a clear graphic summary of 
the quantile regression results as each plot shows one 
of the independent variables in the quantile regression 
model. Also, Figure 2 results collaborate to those 
presented in Table 4. 

Impact of Age 

As shown in Tables 3, 4, Figures 1 and 2, age has 
positive statistically significant estimated OLS and 
quantile regression coefficients except for the 95th 
percentile, with both Diastolic Blood Pressure and 
Systolic Blood Pressure respectively. The magnitude of 
the association for DBP decreases from low to high 
quantiles whilst for SBP the magnitude of association 
fluctuates across the quantiles. This outcome shows 

that the age effect on DBP is much larger at the lower 
end than upper end and central locations. Interpretation 
of the quantile regression estimates for a given quantile 
of SBP and DBP resembles that of ordinary least 
squares regression. For instance, in the case of age, 
the 10th quantile estimate of DBP is 0.91 (Table 3). 
Meaning holding other 6 risk factors constant, a 1 year 
increase in age results in 0.91 mmHg increase in DBP.  

Impact of BMI 

As shown in Tables 3, 4, Figures 1 and 2, BMI has 
positive statistically significant estimated OLS and 
conditional quantile functions with both the BP 
measures except the 95th quantile for SBP. The 
magnitude of the association for DBP increases from 
low to high quantiles whilst for SBP the magnitude of 
association fluctuates across the quantiles. This result 
implies that the BMI effect on DBP is much larger at the 
upper end than lower end and central locations. 

 
Figure 1: OLS and QR Estimates for Diastolic Blood Pressure. 
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Impact of Smoking, Alcohol Consumption and 
Exercises 

It is evident from Tables 3, 4, Figures 1 and 2 that 
smoking, alcohol consumption and exercises did not 
present significant relations with both DBP and SBP for 
all the estimated OLS and quantile regression 
coefficients at all significance levels respectively. 

Impact of Gender 

Gender is inversely related to both DBP and SBP 
except the 10th quantile for DBP. Table 3 and Figure 1 
indicate that the DBP`s estimated coefficient on gender 
by the OLS method is equal to -1.49 whilst the 
estimated conditional quantile functions decreases 
from -0.65 in quantile 0.1 to -3.02 in quantile 0.95. 
Similarly, Table 4 and Figure 2 reveal that the SBP`s 
estimated coefficient on gender by the OLS method is 
equal to -5.92 whilst the estimated conditional quantile 
functions decreases from -4.08 in quantile 0.1 to -8.31 
in quantile 0.95. These negative significant coefficients 

entails that DBP or SBP is likely to increase more on 
males than females. 

Impact of Race 

Race has statistically significant estimated OLS and 
the 95th quantile with DBP (Table 3 and Figure 1) whilst 
it is not statistically significant with the estimated OLS 
coefficient and estimated conditional quantile functions 
for SBP (Table 4 and Figure 2). 

DISCUSSION 

As anticipated, risk factors (BMI, age, race, gender, 
alcohol consumption, smoking and exercises) 
differently affected study participants` DBP and SBP in 
each quantile.  

BMI has positive statistically significant estimated 
OLS and conditional quantile functions with both the 
BP measures except the 95th quantile for SBP. The 
magnitude of the association for DBP increases from 

 
Figure 2: OLS and QR Estimates for Systolic Blood Pressure. 
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low to high quantiles whilst for SBP the magnitude of 
association fluctuates across the quantiles. Age had 
also positive statistically significant estimated OLS and 
quantile regression coefficients except for the 95th 
percentile, with both DBP and SBP respectively. The 
magnitude of the association for DBP decreases from 
low to high quantiles whilst for SBP the magnitude of 
association fluctuates across the quantiles. These 
findings are almost similar to a study conducted by Kim 
et al. which showed that age and BMI had positive 
significant influence in the 5%, 25%, 50%, 75% and 
95% quantiles [6]. Moreover, in a study by Cappuccio 
et al. [16], body mass index was found to be the most 
significant determinant of mean systolic and diastolic 
blood pressure.  

Gender was found to be inversely related with both 
DBP and SBP except the 10th quantile for DBP. This 
result was confirmed by Shen et al. [15]. 

Smoking, alcohol consumption and exercises did 
not present any statistically significant relations with 
both DBP and SBP for all the estimated OLS and 
quantile regression coefficients at all significance levels 
respectively. These findings agree with findings 
reported by Soudarssanane et al. [17] in the urban 
adolescents study. No significant association was 
found between physical activity and blood pressure. 
Similary, Kim et al. [7] mentioned that the effects of 
physical activity were not significant in any quantile. No 
significant relations were found between blood 
pressure and smoking/alcohol consumption in 
adolescents [17]. 

Probably exercises did not present statistically 
significant association with both blood pressure 
measures because they are very few respondents who 
regularly participate in exercises (14.4%) for there to 
exist statistically significant difference. Likewise, 
smoking and alcohol consumption did not present 
statistically significant relations with both SBP and DBP 
because of small number of children with smoking 
(4.2%) and alcohol consumption (6.84%) habits to 
reveal out a significant change in both blood pressures. 

CONCLUSION 

In summary, BMI, age, gender and partially race 
were found to be predictors of blood pressure (both 
DBP and SBP) in the study participants using both 
ordinary least squares and quantile regression 
techniques. Considering that age, gender and race are 
risk factors of DBP and SBP that are beyond the 

control of human beings, there is nothing that one can 
do to manage these risk factors. 

However, BMI can be managed by avoiding gaining 
excessive weight. Since most children in South Africa 
are not physically active as evidenced by 69.9% of the 
participants in this study not exercising at all, this could 
lead to most of them being overweight or obese. As a 
result, high levels of obesity may lead to high 
prevalence of DBP and SBP.  

These study findings call for programs and policies 
meant to curb unhealthy lifestyles, promote physical 
activity and healthy nutrition among children. We 
recommend introduction of more sporting activities in 
schools and communities so that children can 
participate more in physical activities.  

Furthermore, we recommend setting up of wellness 
centers at schools and communities where children can 
get tested regularly on BMI, blood pressure and other 
body conditions. Also, wellness centers may assist to 
inform children on risks of being overweight or obese 
and risks associated with abnormal blood pressure.  

Last but not least, wellness centers could be used 
to run campaign services meant to promote healthy 
lifestyles among children. For instance, to abstain from 
smoking and drinking alcohol.  

Introducing more health awareness talks on national 
television and radio channels may help children and 
adults in South Africa to lead healthy life styles and 
reduce mortality rates caused by abnormal blood 
pressure.  

Finally, parents should also encourage their children 
to do outdoor activities and games instead of watching 
televisions and play computer games (sedentary 
activities) regularly during weekends and school 
holidays. 
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